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A vaccine, useful for fertility control and cancer treatment, comprises an antigenic conjugate of a protein reproductive hor- 
mone, a fragment of such a hormone, or a peptide substantially immunologically equivalent to such a hormone or fragment con- 
jugated with a chemically-modified diphtheria toxoid, and an adjuvant, both dispersed in an aqueous medium and emulsified 
with a mixture of oils. An antigenic conjugate which can be used in th; : or a similar vaccine, comprises a protein reproductive 
hormone, a fragment of such a hormone, or a peptide substantially immunologically equivalent to such a hormone or fragment, 
coupled to an epitope peptide having the sequence of at least one T cell lymphocyte epitope of a protein foreign to the animal to 
be treated with the conjugate, or a sequence substantially immunologically equivalent to such an epitope. 
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VACCINES AND ANTIGENIC CONJUGATES 

This invention relates to a vaccine comprising an antigenic conjugate 
of a protein reproductive hormone, and to an antigenic conjugate of a protein 
reproductive hormone comprising an epitope peptide. 
5 In the present inventor's United States Patents Nos. 4,201,770; 

4,302,386; 4,384,995; 4,526,716; 4,691,006; 4,713,366; 4,855,285; and 5,006,334; 
in his copending Applications Serial Nos. 07/390,530 and 07/311,331 filed August 
7, 1989 and February 17, 1989 respectively; in his International Patent Application 
PCT/US83/00777; and in his numerous corresponding patents and applications in 

10 other countries, there are described and claimed antigenic polypeptides which are 
obtained by coupling a female protein reproductive hormone, a fragment of such a 
hormone, or a peptide substantially immunologically equivalent to such a hormone 
or fragment, to a non-endogenous material having a size sufficient to elicit antibody 
response following the administration thereof into the body of a human or other 

15 mammal. When administered to humans or other mammals, these antigenic 
polypeptides cause the development of antibodies to the female protein reproductive 
hormone from which they are derived, and the antigenic polypeptides are thus useful 
for controlling biological activity in humans or other mammals. The biological 
activity controlled can be, inter alia, fertility or the development of malignant tumors. 

20 In a preferred form of such antigenic polypeptides, the carrier is diphtheria toxoid 
The aforementioned patents and applications, the contents of which are herein 
incorporated by reference, also disclose vaccines containing the antigenic 
polypeptides together with an adjuvant and an oil, the antigenic polypeptide and the 
adjuvant being dispersed in an aqueous medium to form an aqueous phase and this 

25 aqueous phase being emulsified with the oil. 

This invention provides an improved form of the vaccine described in 

the aforementioned patents and applications. This invention also provides an 
» 

antigenic conjugate of a protein reproductive hormone which is generally similar to 
the conjugates described in the aforementioned patents and applications but which 
30 uses a different type of non-endogenous material. 
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polypeptide, thereby causing the formatter! of t! o antibodies in die mammal, and 
recovering the antibodies or lymphoma cells from the mammal. This process is 
characterized in that the modified pcSfypeptide used is an antigenic conjugate of the 
present invention. The invention extends to antibodies to a protein or reproductive 
5 hormone, lymphoma cells capable of expressing such antibodies, and hybridoma cells 
derived from lymphoma cells generated by this process. 

This invention also provides a process for determining the presence 
or absence of a protein in a mammal, or assaying the quantity of a protein in a 
mammal, which process comprises bringing body tissue or fluid from the mammal 
10 into contact with an antibody capable of reacting with the protein, and observing the 
formation or non-formation of a complex between the antibody and the protein. This 
process is characterized in that die antibody used is produced by the process defined 
in the preceding paragraph. 

FinaBy, this invention also extends to the use of an antibody 
15 produced by the pftfcess defined above to treat disease in a mammal. 

Figure 1 shows the formulae of three coupling agents used to prepare 
the conjugates of the present invention; and 

Figure 2 shows a typical reaction used to prepare conjugates of the 
present invention, together with examples of the modified polypeptides produced by 
20 such conjugation reactions. 

As already mentioned, the present invention provides a vaccine 
comprising the antigenic conjugate of a protein reproductive hormone conjugated 
with a chemically-modified diphtheria toxoid. The vaccine also comprises an 
adjuvant and a mixture or oils. To form the vaccine, the conjugate and adjuvant are 
25 dispersed in an aqueous medium, preferably phosphate-buffered saline, to form an 
aqueous phase and this aqueous phase is emulsified with the mixture of oils. 

As compared with the inventor's earlier vaccines described in the 
aforementioned patents and applications, the vaccine of the present invention exhibits 
an improved ability to attract immune cells to the injection site, and thus to generate 
30 the desired antibody response from the human or other animal being treated 
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The vaccines of the present invention have been found effective in 
attracting immune cells to the site of the injection, while the physical nature of the 
vaccine, which is a thick emulsion, also helps to ensure a slow release of the 
conjugate. 

S Also as already mentioned, the present invention provides an antigenic 

conjugate of a protein reproductive hormone, a fragment of such a hormone, or a 
peptide substantially immunologically equivalent to such a hormone or fragment 
coupled, typically at either its N-terminal or its C-terminal, to an epitope peptide 
having the sequence of at least one foreign T cell lymphocyte epitope, or a sequence 

10 substantially immunologically equivalent thereto. Conjugates formed with T cell 
epitopes tend to be cheaper to produce than the conjugates formed with complex 
carriers such as diphtheria toxoids described in the aforementioned patents and 
applications. Furthermore, because the T cell epitopes are much simpler in structure 
than diphtheria toxoid and similar complex carriers, T cell epitope conjugates are less 

15 likely to provoke hypersensitivity reactions. Until recently, the use of T cell epitopes 
in conjugates was counterindicated because genetic variations in outbred populations 
of humans or other animals responded to different T cell epitopes on foreign 
molecules, and when only a single T cell epitope was provided (as would normally 
be the case when using an antigenic conjugate) not all of the animals treated gave 

20 positive responses, thus rendering the T cell epitope conjugate unreliable. However, 
recently certain T cell epitopes from foreign molecules have been shown not to be 
limited by such genetic restrictions, and the use of these T cell epitopes enables the 
preparation of conjugates and vaccines which give reliable antibody responses in 
genetically-diverse populations of humans and other animals. See, for example, Ho 

25 et al„ Eur. J. Immunol., 20, 477-483 (1990), and Partidos et al., J. Gen. Virology, 
2L 2099-2105 (1990). 

Preferred epitope peptides for use in the conjugates of the present 
invention are those having a sequence corresponding to, or substantially 
immunologically equivalent to: 

30 a. amino acids 580-599 of tetanus toxoid: 

-5- 
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20 



25 



Asn-Ser-Val-Asp-Asp-Ala-Leu-ne-Asn-Ser-Thr-Lys- 
Ile-Try-Ser-Tyr-Phe-Pro-Ser-Val 

b . amino acids 830-844 of tetanus toxoid 
Gln-Tty-Ile-Lys-Ala-Asn-Ser-Lys-Phe- 

De-dy-Ile-Thr-Glu-Leu 

6 amino acids 916-932 of tetanus toxoid: 

Pro-Gly-Ile-Asn-Gly-Lys-Ala-ne-His-Leu-Val- 

Asn-Asn-Gln-Ser-Ser-Glu 

d amino acids 947-967 of tetanus toxoid: 

Phe-Asn-Asn-Phe-Thr-Val-Ser-Phe-Trp-Leu-Arg- 

Val-Pro-Lys-Val-Ser-Ala-Ser-His-Leu-Glu 
e amino acids 288-302 of measles virus protein: 

^Ser-Cau-Be-^^^ 

f amino acids 16-33 of hepatitis B viral protem: 



or 

g amino acids 317-336 of malaria CSP protein: 
Thr-Cys-Gly-Val-Gly-Val-Arg-Val-Arg-Ser- 
Arg-Val-Asn-Ala-Ala-Asn-Lys-Lys-Pro-Glu. 

— ,. — ~ - ~ ^ - :r 

2 to about 8 amino acid residues. 

Like the vaccines of *e present invention the T cell ep P 
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T cell epitope conjugates for this purpose in order to secure improved antibody 
production. 

Many of the preferred features of the vaccines and antigenic 
conjugates of the present invention are generally similar to those described in the 
5 aforementioned patents and applications. Accordingly, while these preferred-, features 
will be discussed below, the reader is referred to these patents and applications for 
additional information. 

The protein reproductive hormone, a fragment of such a hormone, or 
a peptide substantially immunologically equivalent to such a hormone or fragment 
10 may be of natural or synthetic origin. A synthetic hormone molecule will perform 
the same function as the naturally occurring one, being equivalent for the purpose 
of this invention. In this connection, it will be noted that certain natural substances 
with which this invention is concerned possess carbohydrate moieties attached at 
certain sites thereon whereas the corresponding synthetic polypeptides do not. 
15 Nevertheless, for the purpose of the instant specification and claims, the synthetic 
and natural polypeptides are treated as equivalents and both are intended to be 
embraced by this invention. 1 

Thus, where the word "hormone" or "hormone molecule" is used 
herein, the word "synthetic" may be added before "hormone" without changing the 
20 meaning of the discussion. Similarly, the word "fragment" may be inserted after 
"hormone" or "molecule" without changing the meaning, whether or not "synthetic" 
has been inserted before "hormone". 

The term "endogenous" is used herein to denote a protein which is 
native to the species to be treated, regardless of whether the relevant protein, 
25 fragment or antigen is endogenous to the particular individual animal being treated 
Thus, for example, for purposes of this application, a porcine sperm antigen is 
regarded as being endogenous to a sow even though obviously such a sperm antigen 
will not normally be present in the body of a sow. Similarly, an embryonic, fetal or 
placental antigen of an animal is regarded as being endogenous to an adult animal 
30 of the same species even though such antigens may not exist in the body of the 
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antibodies into contact with body tissue or body fluid from the mammal and 
observing the formation or non-formation of the reaction process between the 
recovered antibody and the endogenous protein indicative of the presence or absence 
of the endogenous protein in the body tissue or body fluid assayed. If, in this 
5 method, the endogenous protein assayed is one associated with pregnancy, this assay 
method can function as a pregnancy test. If, on the other hand, the endogenous 
protein assayed is one the presence or absence of which is associated with reduced 
fertility or infertility in the mammal from which the body tissue or body fluid is 
derived, the assay can function as a test for reduced fertility or infertility in such a 

10 mammal. 

Selection of Hormone. Fragment or Peptide for Modification 

Examples of natural protein reproductive hormones which may be 
modified according to tins invention include Follicle Stimulating Hormone (FSH), 
Luteinizing Hormone (LH), Luteinizing Hormone Releasing Hormone (LH-RH), 

15 relaxin, Chorionic Gonadotropin (CG), e.g. Human Chorionic Gonadotropin (HCG), 
Placental Lactogen, e.g. Human Placental Lactogen (HPL) and Prolactin, e.g. 
Human Prolactin. There are certain considerations which should always be borne in 
mind when considering the selection of an appropriate polypeptide for modification 
by the techniques of the instant invention. Firstly, it is of course necessary to 

20 determine which hormone or combination of hormones or other protein is responsible 
for the condition or problem which it is desired to treat. However, in many cases 
this will still leave one with a large number of possible proteins which could be 
modified by the techniques of the instant invention. For example, if one wishes to 
use the instant invention to provide a conjugate to render a female mammal infertile, 

25 one can approach the problem by modifying FSH, LH, LH-RH, CG, PL, relaxin or 
other protein hormones which known to be involved in the female mammalian 
reproductive system. One i: >rtant consideration which should always be borne in 
mind in choosing a polypeptide for modification by the instant invention is the 
problem of cross-reactivity. As well known to those skilled in the field of 

30 immunology, it is not uncommon to find that antibodies intended to react with one 

-9- 
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Obviously, the threats posed by both these modes of cross-reactivity 
may be lessened by using, in the conjugates of the invention, a fragment of a 
complex protein rather than the whole protein. Since the fragment has a simpler 
structure than the protein from which it is derived, there is less chance of shared 
5 antigenic determinants or steric overlap with non-target proteins. In particular, 
cross-reactions can be avoided by using fragments derived from a portion of the 
target protein which is not similar in sequence to the non-target but cross-reactive 
protein. To take one specific example, one of the major problems in provoking 
antibodies to HCG is cross-reactivity of HCG antibodies with LH, this 

10 cross-reactivity being at least largely due to virtual identity of amino acid sequence 
between LH and the 1-110 amino acid sequence of the beta subunit of HCG. 
Accordingly, when it is desired to form an HGG-derived conjugate of the invention, 
the fragment used is preferably one having a molecular structure similar to part or 
all of the 111-145 (or, for reasons discussed below, the 109-145) sequence of the 

15 beta subunit of HCG, since it is only this 111-145 sequence of beta-HCG which 
differs significantly from the corresponding sequence of LH. However, as discussed 
in more detail below, fragments of mammalian luteinizing hormones, chorionic 
gonadotropins or^ follicle secreting hormones having amino acid sequences 
resembling the 38-57 region of the beta-subunit or human chorionic gonadotropin are 

20 also useful in the present invention. 

Thus, in most cases the polypeptide modified by the techniques of the 
instant invention is preferably a fragment of the target protein rather than the intact 
target protein. More accurately, one should use, as the fragment of a polypeptide to 
be modified by the techniques of the invention, a fragment which has a molecular 

25 structure similar to a fragment of the target protein. In saying that the fragment has 
a molecular structure similar to a fragment of the target protein, it is not necessarily 
implied that the entire ^rnino acid sequence of the fragment must correspond exactly 
to part of the sequence of the target protein. For example, in certain cases some 
substitution of amino acids may be possible without effecting the immunogenic 

30 character of the fragment. See the aforementioned U.S. Patent No. 4,302,386, which 
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natural conformation of the target protein. It is well known to those skilled in the 
art of immunology that the conformation or shape of an antigen is an important 
factor in allowing recognition of the antigen by an antibody- Accordingly, if a 
conjugate of the instant invention does not retain the conformation of the relevant 
5 part of the target protein, it is likely that the antibodies provoked by injection of the 
conjugate into a mammal will not display optii im activity against the natural target 
protein. For example, a peptide having the same sequence as part of the target 
protein will probably not work very well if, because of the absence of other parts of 
the sequence of the target protein which affect the positioning of the crucial antigenic 

10 determinant in the natural target protein, the fragment used to prepare the conjugate 
adopts a conformation very different from the conformation of the same amino acid 
sequence in the target protein. Similarly, because of the way in which the chain of 
a complex target protein will normally be folded, the antigen-antibody binding 
reaction may rely upon recognition of two or more amino acid sequences which are 

15 widely separated along the chain of the target protein but lie, in the natural 
conformation of the target protein, closely adjacent one another in space. All these 
considerations may enter into the question of what is the most appropriate hormone, 
fragment or peptide to use in the instant invention. 

As those skilled in the art are aware, one major factor effecting the 

20 conformation, and hence the antigenic properties and antigenic determinants, of 
complex proteins is the presence of cysteine residues and disulfide bridges in such 
proteins. It is well know to those skilled in the art that, in many natural proteins 
containing cysteine residues, these residues are not present in their thiol form 
containing a free -SH group. Instead, pairs of cysteine residues are linked by means 

25 of disulfide bridges to form cystine. Such disulfide bridges are very important in 
determining the conformation of the protein. In most cases, the disulfide bridges 
present in the natural form of the protein are easily reduced to thiol groups by means 
of mild reducing agents under conditions which leave the remaining parts of the 
protein molecule unchanged. Such breaking of disulfide bridges causes major 

30 changes in the conformation of the protein even though no disturbance of the amino 
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HLH. In other words, instead of chemically severing the common sequence of 
residues from beta-HCG in order to prevent cross-reaction, it may be possible to 
leave this common sequence of resi r ^s in the beta-HCG but to so alter the 
conformation of this common sequence that, to an antibody, the altered-conformation 
5 common sequence does not "look" like the natural form of the common sequence, 
so that an antibody which recognizes the altered-conformation common sequence will 
not recognize the natural-conformation common sequence in HLH. Moreover, once 
the natural conformation of the sequence of residues 1-110 has been destroyed by 
breaking the disulfide bridges, this common sequence will probably assume the 

10 helical conformation common in polypeptides lacking disulfide bridges, so that this 
part of the beta-HCG will not be strongly immunogenic and most of the antibodies 
formed by a conjugate based upon the altered-conformation beta-HCG will be 
antibodies to the sequence 111-145 which is not common with HLH. Obviously, 
cross-reactivity between antibodies to other pairs of hormones may similarly be 

15 destroyed by altering the conformation of portions of the two proteins which are 
similar and hence will otherwise promote antigen cross-reactivity. 

At present, the preferred conjugates are those derived from CG 
(together with those derived from the somewhat similar luteinizing and follicle 
secreting hormones), and those derived from relaxin. 

20 Chorionic Gonadotropin and Related Hormones 

The hormone, Chorionic Gonadotropin (CG) has been the subject of 
extensive investigation, it being demonstrated in 1927 that the blood and urine of 
pregnant women contained a gonad-stimulating substance which, when injected into 
laboratory animals, produced marked gonadal growth. Later, investigators 

25 demonstrated with certainty that the Placental Chorionic villi, as opposed to the 
pituitary, were the source of this hormone. Thus, the name Chorionic Gonadotropin 
or, in the case of humans, Human Chorionic Gonadotropin (HCG) was given to this 
hormone of pregnancy. During the more recent past, a broadened variety of studies 
have been conducted to describe levels of HCG in normal and abnormal 

30 physiological states, indicating its role in maintaining pregnancy. The studies have 
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Isojima, S; Nake, O.; Kojama, K.; & Adachi, H. Rapid 
radioimmunoassay of human L. H. using polymerized antihuman 
HCG as inm.umoadsorbent Journal of Clinical Endocrinology and 
Metabolism, 31, 693-699 (1970). 
5 Although the entire CG hormone or a subunit thereof, for example the 

beta subunit, may be used in the present conjugate, in general it is preferred to use 
a peptide corresponding to only a fragment of the beta subunit. More specifically, 
as already noted there is a large portion of die beta subunit of CG which is almost 
identical to the corresponding beta subunit of LH, so that it is desirable to use a 
10 fragment corresponding to a portion of the 111*145 sequence of the beta subunit of 
CG which is not common to LH, thereby avoiding the cross-reactivity of CG and LH 
antibodies already discussed above. Thus, an immunological reaction against the 
hormone CG can be achieved without causing undesirable immune reactions to the 
naturally occurring body constituent LH. Synthetic polypeptides corresponding to 
15 the desired fragments of CG offer er meed practicality both from the standpoint of 
production costs and the high degree of purity needed for commercial use in a 
contraceptive agent 

Subunits and fragments of the proteinaceous reproductive hormones 
include the beta subunit of natural Follicle Stimulating Hormone, the beta subunit 
20 of natural Human Chorionic Gonadotropin, fragments including, inter alia, a 20-30 
or 30-39 amino acid peptide consisting of the C-terminal residues of natural Human 
Chorionic Gonadotropin beta subunit, as well as specific unique fragments of natural 
Human Prolactin and natural Human Placental Lactogen, which may bear little 
resemblance to analogous portions of other protein hormones. Further with respect 
25 to the type of novel chemical entities with which this invention is concerned, one 
may note for instance the chemical configuration of the beta subunit of HCG. That 
structure is as follows: 

Structure (I) 

Ser-Lys-Glu-Pro-Leu-Arg-Pro-Arg-Cys-Arg-Pro- 
30 Ile-Asn-Ala-Thr-Leu-Ala-Val-Glu-Lys-GIu-Gly- 
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Asp-Asp-Pto MS .^.SM-rre-Set- 

10 ATS-1^- I,ro - Gly - P,<> " 

""^Hi n it « — » * - 

Fot sp^fi* of antibody acnon eo^, o. 

1 HCC possesses • ^ ** « 'T^L. of Human «* *. 

aspect of tWs i»'">« OT ACC ° n 

„ vr terminal portions of stricture 1) 

20 [C-tenmn<u K Structure (Q) 

. Pro ^.Phe-Gln-Asp-Ser-Ser-Ser-Ser- 
Asp-Asp-Pro-Arg V Leu . pro . Se r-Pro-Ser- 
Lys-Ala-Pro-Pro-Pro-S-W 

Arg -Leu-Pto-Gly-Pro-Ser-Asp-ThrP 
Pro-Gin 



25 



30 



Structure (HQ 

Ser-Leu-Pro-Ser-Pro-Ser-Aigi- 

Asp-Thr-Pto-ne-teu-Pro-Gln 
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whether obtained by purely synthetic methods or by enzymatic degradation from the 
natural or parent polypeptide, [Carlson et al., J. Biological Chemistry, 284 (19), 
6810, (1973)] when modified according to this invention, similarly provide materials 
with antigenic properties sufficient to provide the desired immunological response. 



chemical sequence of 14S amino acid components. This structure has a high degree 
of structural homology with the corresponding subunit of Luteinizing Hormone (LH) 
to the extent of the initial 110 amino acid components. As indicated above, it may 
be found desirable, therefore to evoke a high specificity to the Chorionic 
10 Gonadotropin hormone or an analogous entity through the use of fragments 
analogous to the C-terminal, 111-145 amino acid sequence of the subunit Structure 
(II) above may be observed to represent just that sequence. Structure (LSI) is slightly 
shorter, representing the 116-145 amino acid positions within the subunit sequence. 



15 to promote antibody build-up against natural CG include the following structures 
labeled Structures (IV)-(XIV). In the present conjugates, these polypeptides provide 
immunogenic activity against HCG. All of these polypeptides are considered 
fragments of HCG by virtue of their substantial resemblance to the chemical 
configuration of the natural hormone and the immunological response provided by 

20 them when modified by the instant processes. 



5 



The beta subunit set forth at structure (I) is seen to represent a 



Further polypeptide chains useful in the present antigenic conjugates 



Structure (IV) 
Cys-Pro-Pro-Pro-Pro-Pro-Pro-Ser-Asp-Thr-Pro- 



Ile-Leu-Pro-Gln 



25 



Structure (V) 
Asp- Asp-Pro- Arg-Phe-Gln-Asp-Ser-Pro-Pro-Pro- 
Pro-Pro-Pro-Cys 



30 



Structure (VI) 
Phe-Gln-Asp-Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro- 
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20 



Pro-Ser-Asp-Hir-Pro-Iie-Leu-Pro-Gln 

Structure (VII) 

Asp -Asp-Pro-Arg^^^ 

Ly s-Ala-Pro-Prc-Pro-Ser-Leu-Pro-Ser 

Structure (Vffl) 

Structure (Vffla) 

As p-Asp-Pro-Arg^^ 
Pro-Pro-Pro-Cys-Pro-Pro-Pro-Pro-Pro-Pro-Ser- 

Asp-Thr-Pro-Ile-Leu-Pro-Gln 

Structure (IX) 

AsI) .His-P»-Le»-Thr-AI.-A S p-AS>-r™- A n!-«' e - 
Oln.A S p-Se,-S.r-Ser.S«-L,s.A 1 a-Pro-Pro.Pro- 

Ser-L M -P«>-Se,.P t 0.S«-Arg-I.«-^-0'»- Pro - 
Pro-Pro-Pro-Cys 



25 



Structure (X) 
Asp-Asp-^-Ph^n-Asp-Ser-Ser-S^- 

Lys .Ma-Pro-Pro-Pro-S M .L e u.Pro-S«-PTO-S«- 
Arg-Leu-^y-Pro-S^-Thr-Pro-Ile-Uu- 

Pr^n-Pro-Pto-Pra-Pro-Pw-P™^ 8 
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Structure (XI) 
Asp-Asp-Pro-Arg-Phe-Gln-Asp-Ser-Ser-Ser-Ser- 
Lys-Ala-Pro-Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser- 
Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-He-Leu- 
5 Pro-Gln-Cys 

Structure (TV) will be recognized as incorporating a Cys component 
at the amino or N-terminal which is associated with a proline spacer sequence. 
These spacers serve to position the sequence which follows physically distant from 
the carrier-modifier. The latter sequence may be observed to present the 138th to 
10 145th amino acid sequence of the subunit Structure (I). Structure (V) on the other 
hand, represents an initial sequence corresponding with the 111th to 118th amino 
acid sequence of the subunit Structure (I) followed by a sequence of six proline 
spacer components and a carboxyl terminal, present as cysteine. The rationale in 
providing such a spacer component is to eliminate sites which may remain 
15 antigenically neutral in performance. Structures (TV) and (V) represent relatively 
shorter amino acid sequences to the extent that each serves to develop one 
determinant site. Consequently, as alluded to in more detail hereinafter, they are 
utilized in conjunction with a mixed immunization technique wherein a necessary 
two distinct determinants are provided by the simultaneous administration of two 
20 such fragments, each conjugated separately. Structure (VI) represents the 115th 
through 145th component sequence of structure (I). Structure (VII) represents a 
portion of Structure (I); however, essentially, a sequence of the 111th to 130th 
components thereof is formed. 

Structure (VIII) incorporates two sequences, one which may be 
25 recognized in Structure (V) and the other in Structure (IV). These two sequences are 
separated by two spacer sequences of proline components and one is joined with an 
intermediately disposed cysteine component which serves a conjugation function. 
With this arrangement, two distinct determinant sites are developed in physically 
spaced relationship to avoid the development of an unwanted artificial determinant 
30 possibly otherwise evolved in the vicinity of their mutual coupling. Structure (Villa) 
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10 Structure (XH) 

^Cys-Asp-Asp-Pro-Arg-Phe-Gm-Asp-S^Ser- 

Ser-Ser-Lys-Al^Pro-Pro-Pro-Ser-Uu-Pro-Ser. 

P K ,Ser.Arg-U»-Prc-Gly-P"»-S- As 0- Tta - ,,rO - 
fle-Leu-Pro-Gln 

15 

Structure (XIII) 
A^His-Pr^-Ita-A^Asp-Asp-Pro-Arg-Ph- 

G,;.Asp.Se,Ser-Se,.Ser- L ,s-Al.-P-Pro.P™- 

SK . L .u-P ro -S M -Prc-Ser.Arg- L .u-P ro -Gry-Pro. 

20 Ser-Asp-Thr-Pro-n^Uu-Pro^"-^ 5 

Structure (XIV) 
C^Prc-Pro-Pro-Pro-Pro-Pro-Pro-Asp-Asp-Pro- 

Mg-Phe-Qln-Asp-Ser-Ser-Ser-Ser-Lys-M.-Pro- 

25 p^Pro.Ser.Leu.Pro-Ser.Pro.Ser-Arg-^o- 

ay-Pro-Ser-Asp-Thr-Pro-n^u^n ^ 

30 similar to Structure (DC) but does 
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will be recognized as being similar to Structure (II) with the addition of spacer 
components at the N-terminal and a cysteine residue, which may be useful for 
modification reactions, as described in more detail below. 

As already mentioned, it is only the 111-145 amino acid sequence of 
5 beta-HCG which differs from the corresponding sequence of LH. However, research 
indicates that the peptides used in die present conjugates may contain sequences 
corresponding to the 101-110 sequence which is common to beta-HCG and beta-LH 
without inducing the formation of antibodies reactive to LH. Thus, one can use in 
the instant conjugates peptides containing part or all of the common 101-110 

10 sequence without causing substantial cross-reactivity with LH. For example, 
Structure (II) above represents the 111-145 amino acid sequence of beta-HCG. If 
desired, therefore, a peptide having the 101-145 amino acid of beta-HCG could be 
substituted for the peptide of Structure (II) in the instant conjugates without 
substantially affecting the activity of the modified polypeptide and without causing 

15 cross-reactivity with beta-LH. As already mentioned, a peptide corresponding to the 
109-145 sequence of beta-HCG is especially useful in the present vaccines and 
conjugates. 

For reasons already noted, the need to avoid cross-reactivity with 
luteinizing hormone mainly restricts the chorionic gonadotropin-derived peptides used 

20 in the vaccines and conjugates of the present invention to peptides containing all or 
part of the 101-145 sequence of chorionic gonadotropin, since it is only this part of 
the chorionic gonadotropin sequence which differs significantly from luteinizing 
hormone. However, it has been found that there are antigenic determinants on die 
human chorionic gonadotropin molecule that will produce human chorionic 

25 gonadotropin-specific antibodies, which antigenic determinants are not located on the 
101-145 sequence of human chorionic gonadotropin. One such antigenic determinant 
is the sequence corresponding to he sequence 40-52, or the sequence 38-57, of the 
beta-subunit of human chorionic gonadotropin. Thus, peptides comprising an amino 
acid sequence substantially similar to die 38-57 region (or part of this region) of the 
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and a mixture of the two resultant conjugates introduced into the animal to be 
treated. 

Such polypeptides may comprise the 38-57 region of the beta-subunit 
of human chorionic gonadotropin, or the analogous sequence of other mammalian 
5 chorionic gonadotropins, depending of course upon the mammal in which the 
resultant conjugate is to be used. This 38-57 sequence may be used alone, or the 
sequence may include adjacent regions substantially similar to the adjacent regions 
of the beta-subunit of the appropriate chorionic gonadotropin, even though the 
presence of such adjacent regions is not necessary to produce proper antigenic 

10 properties in the conjugate. For practical reasons such as the difficulty of 
synthesizing very long peptides, and cost, it is desirable that the peptide having the 
amino acid sequence comprised of the 40-52 region, and corresponding to the 38-57 
region, of the beta-subunit not contain more than about 40 amino acid residues. 

Although sufficient for provoking antigenic activity, the simple amino 

15 acid sequence corresponding to the 38-57 region of HCG does have the disadvantage 
that it does not possess any convenient site at which coupling of the peptide to a 
carrier, or to other fragments used in the synthesis of the vaccines and conjugates of 
the invention can be effected. Accordingly, in order to provide the peptide with a 
convenient coupling site, it is preferred that the peptide have attached, to the portion 

20 of the amino acid sequence corresponding to residue 38 of the beta-subunit of human 
chorionic gonadotropin, a spacer sequence of amino acid residues not substantially 
similar to the 30-37 region of the beta subunit of human chorionic gonadotropin, and 
further that the peptide have attached, to the N-terminal of this spacer sequence, a 
reactive residue suitable for coupling the peptide to a carrier, or to another peptide 

25 fragment in the conjugate of the invention. Preferably, the spacer sequence 
comprises a plurality (conveniently 6) of proline residues and the reactive residue 
comprises an alanine residue. 

Alternatively, in order that the 38-57 peptide can be used in certain 
preferred coupling reactions (discussed below) which require the presence of a free 

30 sulfhydryl group on the peptide, one might addf to one terminal (preferably the 
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immunological similarity of any proposed amino acid sequence can of course be 
determined by routine empirical tests. 

Not only do chorionic gonadotropins derived from other mammalian 
species have a region highly analogous to the 38-57 sequence of human chorionic 
5 gonadotropin, but a closely analogous region exists in other mammalian glycoprotein 
hormones including luteinizing hormone, follicle stimulating hormone and thyroid 
stimulating hormone. Consequently, peptides derived from the regions of non-human 
chorionic gonadotropin and other mammalian glycoprotein hormones having an 
analogous region may also be used in preparing the vaccines and conjugates of the 

10 present invention. The regions of several specific mammalian glycoproteins 
analogous to the 38-57 region of HCG are given in detail below, but those skilled 
in the art will have no difficulty in identifying an analogous region in other specific 
mammalian glycoproteins. As previously noted, peptides having sequences similar, 
but not identical, to the natural sequence may also be used provided they are 

1 5 substantially immunologically equivalent to the natural sequence. 

Examples of specific preferred peptides having sequences analogous 
to the 38-57 region of HCG and useful in the vaccines and conjugates of the present 
invention are as follows: 

(Structure XXV) 

20 Cys-Pro-Ser-Met-Lys-Arg-Val-Leu-Pro-Val-Ile-Leu- 

Pro-Pro-Met-Pro-Gln-Arg-Val-Cys; 

(Structure XXVI) 
Cys-Pro-Thr-Met-Met-Arg-Val-Leu-Gln-Ala-Val-Leu- 
25 Pro-Pro-Leu-Pro-Gln-Val-Val-Cys; 



(Structure XXVII) 
Cys-Pro-Thr-Met-Thr-Arg-Val-Leu-Gln-Gly-Val-Leu- 
Pro-Ala-Leu-Pro-Gln-Val-Val-Cys; 

30 
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(Structure XXVffl) 

» _ i Vnl-Tvr-Lys-Asn-Pro-Ala- 
Cys-Tyr-Thr-Arg-Asp-Leu-Vai-iyr 

Arg-Pro-Lys-De-Gln-Lys-Thr-Cys; 



10 



15 



20 



25 



(Structure XXIX) 
Arg-Pro-Lys-ne-Gln-Lys-Thr-Cys; 

(Structure XXX) 

Cys -Pro-Ser-MetA^ 

Pro-Ala-Ile-Pro-Gln-Pro-Val-Cys; 

(Structure XXXI) 
P^-d-ys-W^u-Ser^-Asp-Vd-C, 

Til ' A 38 57 region of human chorionic gonadotroph, Structure 
Stru «ure XXVn . the 38-57 «g.on g0MdoOopi n. Struck 

XXX - *e corresponding — « HanTl^ Hormone, ana Struck XXV 

i8 *e corresponding regton * — honn one. »hile S«ch.re 

ts .he corresponding regron of hum*. & ^ Stmcwie 

XX-^-^'^fZ ^ng hormone. 
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Pierce and Parsons, Ann. Rev. Biochem. 50: 469-95 (1981). 
In particular, some authorities dispute the existence of the aforementioned (Lys-Tyr) 
insert in the human thyroid stimulating hormone sequence, while other authorities 
dispute the existence of the methionine at position 42 and the valine at position 55 
5 of the human luteinizing hormone sequence. However, for reasons discussed above, 
even if the natural sequences do differ from those just given, the sequences just 
given are certainly sufficiently close to the natural sequences to produce a strong 
antigenic reaction when incorporated into vaccines and conjugates of the invention. 
Relaxin 

10 Another group of peptides which can be used in the present vaccines 

and conjugates are relaxin and polypeptides derived therefrom. It has been known 
for a long time that relaxin is a peptide hormone synthesized in the corpus luteum 
of ovaries during pregnancy and the hormone is released into the bloodstream prior 
to parturition. The major biological effect of relaxin is to remodel the mammalian 

15 reproductive tract to facilitate the birth process, primarily by relaxing the cervix, 
thereby assisting in the dilation of the cervix prior to parturition. The amino acid 
sequence, which bears some resemblance to that of insulin, has been determined; see: 
Hudson et al, Structure of a Genomic Clone Encoding Biologically 
Active Human Relaxin. 

20 This paper also gives methods for the synthesis of certain relaxin-derived peptides. 

The use of relaxin or peptides derived therefrom in the present 
vaccines and conjugates depends not upon the natural function of relaxin during 
parturition, but upon the fact that anti-relaxin antibodies are known to render sperm 
immotile. Thus, there appears to be a relaxin-like antigen present on the surface of 

25 sperm, especially since the immotility of the sperm can be reversed by adding relaxin 
to the antibody/sperm complex. In theory one could use modified sperm antigens 
to generate in the male antibodies to various antigens present in sperm, but there is 
the serious problem that, owing to the blood/testes barrier, such anti-sperm antibodies 
do not penetrate the testes. The potentially very rapid induction of immotility of 

30 anti-relaxin antibody renders generation of such an antibody in males a highly 
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effective only against those tumors which are dependent upon the secretion of 
prolactin (or some other hormone) for survival. 

Investigators have also determined, for example, that certain 
polypeptide entities are supportive factors to, and secretions of, neoplastic diseases 
5 in both man and other mammals. These supportive entities have biochemically, 
biologically and immunologically close resemblances to hormones, particularly to CG 
as well as to I.H. Using the vaccines and conjugates of the instant invention the 
function of such polypeptides or endogenous counterparts can be neutralized to carry 
out regulation of the malignancy. For example, tumors in both male and female 

10 primates may be treated by isoimmunization procedures developing antibodies to CG 
or LH or the disease supportive factors analogous thereto. Furthermore, neoplasms 
in primate females may be regulated by isoimmunization procedures developing 
antibodies to endogenous LH. This hormone, when associated with a tumor state, 
tends to aggravate the tumorous condition. 

15 It appears that certain carcinomas exude CG or an immunologically - 

similar material on their surfaces, thereby presenting to the immune system of the 
host animal a surface which, superficially, appears to be formed of material 
endogenous to the host animal and which is thus relatively non-immunogenic. 
Because of this known association between certain carcinomas and CG or CG-like 

20 materials, the CG-derived conjugates of the invention are useful not only for fertility 
control but also for treatment of carcinomas associated with CG or CG-like materials. 
As already mentioned, vaccines and conjugates of the invention are useful for the 
treatment of a variety of malignant diseases, including breast cancer, lung cancer, 
colon cancer, malignant melanoma and bladder carcinoma. 

25 Techniques for modification of Hormones. Fragments or Peptides 

A wide range of techniques may be used to form the conjugates used 
in the present vaccines. Many of the techniques described below are not in 
themselves novel and some of the techniques may be found in the following list of 
literature references, while various others may be found elsewhere in literature by 

30 persons skilled in the art: 
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Basically, what is required is that the conjugate be modified to a degree sufficient 
to cause it to be antigenic when injected into the body of the animal. If too little 
modification is effected, the body may not recognize the conjugate as a foreign body 
and not create antibodies against it. If the number of foreign molecules added is too 
5 great, the body will create antibodies against the conjugate, but the antibodies will 
be specific to the conjugate and will not neutralize the action of the concerned 
natural endogenous hormone, i.e. they will be specific to the modifier. 

In general, again considering the larger molecule subunit or whole 
hormone, it has been found that about 1-40 modifying groups per molecule of 

10 hormone or subunit will be useful in modifying the polypeptide adequately so as to 
obtain the desired immunological effect of this invention. As will be appreciated by 
one skilled in the art, this ratio of modifying groups will vary depending upon 
whether an entire hormone is utilized for modification or whether for instance a 
relatively small synthetic fragment of the hormone is to be modified. Generally for 

15 the larger molecules, it is preferred that 2-40 modifying groups per molecule of 
polypeptide be used according to this invention. In the instance where the 
polypeptide is the beta-subunit of HCG, it is particularly preferred that about 5-30 
and more preferably 10-26 modifying groups per molecule of polypeptide be used. 
The degree of modification of the polypeptide should be adequate to induce 

20 generation, by the animal, of antibodies adequate to neutralize some of the target 
hormone or non-hormonal protein. The necessary degree of modification will vary 
with each polypeptide involved, and the degree of correction or change desired for 
the body function involved As already noted, in the present vaccines, it is preferred 
that the conjugate comprise 20-30 peptides per 10 s daltons of the chemically- 

25 modified diphtheria toxoid. 

It is preferred that the modification constitute two or more 
immunological determinants represented oh the native protein to which it is desired 
to evoke an antibody response. The effect is one of heterogeneity of antibody 
development. Thus, several peptides have been described above having at least two 

30 distinct amino acid sequences represented in the HCG beta subunit. These sequences 
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slightly alkaline condition, for example, pH S, and adding the carrier, conjugation is 
accomplished to produce the product of Formula 2 shown in Figure 2. 

A carrier which does not contain SH groups, but does contain NH : 
groups, is preferably first treated with an activator of the formula A or B shown in 
5 Figure 1, wherein X is as defined above, at pH 7 or lower to cause reaction of the 
active ester end of the activator with the carrier, giving a compound of Formula 3 
shown in Figure 2. Thereafter, the activated carrier is reacted with a hormone, 
fragment or peptide containing a SH group to produce a conjugate similar to that 
discussed immediately above. 

Should the hormone, fragment or peptide not contain an SH group, 
e.g. Structures (II), (III), (VI) and (VII), such structures can be modified first to 
introduce such a grouping by standard methods such as "thiolactonization". following 
which they are conjugated utilizing the above-discussed selective bi-functional 
reagents. For a more detailed description of these reagents, reference is made to the 
following publications: 

O. Keller and J. Ridinger, Helv. Chim. Acta, 5S, 531-541 (1975). 
W. Trommer. H. Kolkenbrock and G. Pfleiderer, Hoppe-Seylcr's Z. 
Physiol. Chem. t 356. 1455-145S (1975). 

As already mentioned, in many natural proteins containing cysteine 
residues, these residues are not present in the thiol form containing a free SH group; 
instead, pairs of cysteine residues arc linked by means of disulfide bridges to form 
cysteine. Accordingly, when it is desired to produce free SH groups in proteins to 
carry out the coupling reactions discussed above, one convenient way of providing 
such free SH groups may be to cleave disulfide bridges naturally present in the 
protein or other polypeptides which it is desired to conjugate. For example, as noted 
above the natural form of beta-HCG contains six disulfide bridges. To produce free 
thiol groups for coupling reactions, any number of these bridges from 1 to 6 may be 
broken using known techniques as set out for example in: 

Bah! et al. Biochem. Biophys. Res. Comm.. 70, 525-532 (1976). 

» * 
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amino group on this (lysine) residue. As previously noted, if such a spacer is 
employed, it desirably comprises from 2 to 8 amino acid residues. Then, utilizing 
the activator A or B in Figure 1 in which the component "X" is a chain of six 
proline amino acids, conjugation can be carried out. In the latter case, a spacer is 
5 provided between the carrier and peptide linked at an intermediate site, for example 
at position 122 in Structure (II). In the former case, only the spacer derived from 
the conjugating reagent links the carrier and peptide. 

Carriers containing free amino groups can be prepared in buffer 
solution, such as phosphate buffer, in sodium chloride solution at a pH of 6-8. To 

10 this solution, tolyiene diisocyanate (T.D.I.C.) reagent diluted from about 1-10 to 
about 1-40 times with dioxane can be added to the carrier. The general procedure 
was disclosed by Singer and Schick, J. Biophysical and Biochem. Cytology, 9, 519 
(1961). The amount of T.D.LC. added may range from 0.075 to 1,000 molar 
equivalents of the carrier used. The reaction may be carried out at about - 5° to 

15 about + 10°C, preferably 0° to 4° C, for about 1/2 to 2 hours. Any excess TJXI.C. 
may be removed by centrifugation. The precipitate may be washed with the 
above-mentioned phosphate buffer and the supernatants combined. 

This activated carrier solution may then be combined with the 
hormone, fragment or peptide to be conjugated The hormone, fragment or peptide 

20 is dissolved in the same phosphate buffer (5-30 mg/ml) and the volumes of the two 
solution needed to provide the desired molar ratio of carrier to hormone, fragment 
or peptide in the conjugate are combined. The combined solutions are desirably 
reacted at 30°-50°C, preferably 35°-40°C, for 3-6 hours. 

Separation of modified and unmodified hormone, fragment or peptide 

25 may be accomplished by conventional techniques, such as gel filtration. 

Picogram counts of I 125 labeled polypeptide may be added as a tracer 
to the reaction mixture at the time of conjugation, and the quantity of hormone, 
fragment or peptide conjugated to carrier (molar ratio) may be determined by the 
amount of radioactivity recovered. 
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are described herein in detail, other appropriate mechanisms may be used if desired. 
It is clear that the carrier can be a physically larger molecule or fragment thereof 
than the hormone, fragment or peptide which it modifies. Clearly, physical size of 
the carrier is not always critical (many of the T cell epitopes used in the conjugates 
5 of the present invention only contain about 15 to 20 amino acid residues), the 
criterion for effectiveness being that the mammalian body's reaction generate 
antibodies in sufficient quanta and specificity to the target hormone. 
Vaccines/Administration of the Conjugates 

Obviously, in order that the conjugates of the invention can provoke 

10 the formation of antibodies to the target hormone within the body of an animal, they 
must be administered to the animal in such a way that they can come into contact 
with the cells responsible for formation of antibodies. In practice, this essentially 
means that the conjugates must be introduced into the circulatory system of the 
mammal to which they are administered. Although the use of other modes of 

15 administration is not absolutely excluded, in view of the molecular size and weight 
of most of the instant conjugates likely to be used in practice, the normal route or 
administration will be parental administration i.e. by injection. In the vast majority 
of cases, the quantity of conjugate which will need to be administered will be far too 
small for convenient handling alone, and in any case the chemical nature of most of 

20 the conjugates prevents them being produced in a pure form free from liquid 
vehicles. Accordingly, it is normally necessary to administer the conjugates of the 
invention as a vaccine comprising the conjugate together with a vehicle; this vaccine 
is desirably a vaccine of the present invention in which the conjugate and an 
adjuvant are dispersed in a phosphate-buffered saline aqueous vehicle, which is then 

25 emulsified with a mixture of oils, preferably a mixture of squalene and squalane oils, 
and mannide monooleate. It has been found that administration of the conjugate in 
such a vaccine has the effect of increasing the quantity of antibodies provoked by 
the conjugate when the vaccine is administered to an animal. To further increase the 
quantity of antibodies provoked by administration of the vaccine, it is advantageous 

30 to include in the vaccine an immunological adjuvant The term "adjuvant" is used 
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The following Examples are now given, though by way of illustration 
only, to show details of particularly preferred reagents, conditions and techniques 
used in the present invention. 

Example 1 

5 This Example illustrates the preparation of a preferred vaccine of the 

present invention. 
Preparation of peptide 

Beta-HCG(109-145) was synthesized by solid phase synthesis, as 
described in the aforementioned U.S. Patents Nos. 4,855,285 and 5,006,334. It 

10 should be noted that only a peptide containing a free thiol group can be conjugated 
to the toxoid, and accordingly it is advisable to determine the thiol content of the 
peptide quantitatively by Elman's method before conjugating. If necessary, either 
N-acetyl homocysteine thiolactone or N-succinimidyl-3-(2-pyridyIthio)propionate may 
be used to provide free thiol groups on the peptide. 

15 Preparation of modified diphtheria toxoid 

Diphtheria toxoid, of the type used commercially to prepare 
diphtheria-pertussis-tetanus vaccines, was obtained from a commercial source. The 
toxoid was obtained in liquid form having an activity of 1000-1500 Lf/ml, and 
containing 1/5000 thimerosal as preservative. To this toxoid, ethylenediamine 

20 (0.1 M) was added at a ratio of 2 mL per 100 mL of the liquid toxoid, and the 
resultant mixture was concentrated approximately ten-fold by ultrafiltration. The 
concentrate was gel filtered using either Sephadex G-50 or Biogel P-60 in 0.2 M 
ammonium bicarbonate. The non-retarded volume was collected and lyophilized. 

To determine the amino content of the modified toxoid, the 

25 fluorescamine method was used. A small volume of sample solution containing 
approximately 1.0 mg/mL of modified toxoid was prepared, and a 20 \xL aliquot 
assayed against a standard curve of a-N-acetyl-L-lysine samples containing from 10* 9 
to 10" 8 moles. 
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other, and after mixing the resultant mixture was passed back and forth at least 25 
times until the resultant emulsion became quite viscous. 

The vaccine thus produced was suitable for intramuscular injection in 
doses of 0.5-1.5 mL in humans.-! 
5 Example 2 

This Example illustrates the preparation of preferred antigenic 
conjugates of the present invention containing T-cell epitopes. 

These conjugates were synthesized using .the same solid state synthesis 
technique mentioned in Example 1 above. The T-cell peptide was synthesized first 
10 on the resin, then a spacer sequence of 4-5 amino acid residues containing a (3-turn 
was added. Finally, the beta-HCG(109-145) peptide was synthesized on the N- 
terminal of the spacer sequence. 

In a second method, a peptide was prepared having a terminal lysine. 
The primary amino group of the lysine was blocked, leaving the e-amino group free. 
15 A T-cell or beta-HCG(109-145) peptide was synthesized as a side chain on the lysine 
e-amino group, and back sequenced to assure the correct sequence. Hie blocking 
group on the lysine was removed and the main chain extended, with the last amino 
acid residue added being another lysine. The side chain synthesis was then repeated. 
Further repetitions of this procedure yielded a peptide containing two different T-cell 
20 epitopes and two beta-HCG(109-145) peptides. 

Also, in a preferred process of this invention, on a resin using an 
Fmoc/ t-butyl technique was formed a (J-strand template having the sequence: 

Gly-Leu-Lys-Leu-Lys-Leu-Gly-COOH, 
with both lysines having their e-amino groups protected with Boc groups. The N- 
25 terminus of this template peptide was protected by the addition of Nps-Leu, and then 
the e-blocking group was removed from the lysine adjacent the N-terminus of the 
peptide. Thereafter, a T-cell epitope was assembled on fry: free e-amino group of 
the lysine using the Boc/benzyl technique described in v aforementioned U.S. 
patents. The N-terminus of the T-cell epitope was blocked by acetylation, and then 
30 the Npys protecting group was removed from the N-terminus of the template. The 
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CLAIMS 

LA vaccine comprising: 

an antigenic conjugate of a protein reproductive hormone, a fragment 
of such a hormone, or a peptide substantially immunologically equivalent to such a 
5 hormone or fragment; 

an adjuvant; and 
at least one oil, 

the conjugate and adjuvant being dispersed in an aqueous medium to 
form an aqueous phase and this aqueous phase being emulsified with the at least one 
10 oil. 

characterized in that the antigenic conjugate comprises the hormone, 
fragment or peptide conjugated with a chemic ly-modified diphtheria toxoid, and the 
aqueous phase is emulsified with a mixture of oils. 

2. A vaccine according to claim 1 characterized in that the 
15 hormone, fragment or peptide is the beta subunit of human chorionic gonadotropin, 

a fragment thereof or a peptide substantially immunologically equivalent thereto. 

3. A vaccine according to claim 1 characterized in that the 
fragment or peptide has a sequence corresponding to amino acids 109-145 of the beta 
subunit of human chorionic gonadotropin, or a sequence substantially 

'0 immunologically equivalent thereto. 

4. A vaccine according to any one of the preceding claims 
characterized in that the chemically-modified diphtheria toxoid is a reaction product 
of diphtheria toxoid with ethylenedi amine. 

5. A vaccine according to any one of the preceding claims 
5 characterized in that the antigenic conjugate comprises 20-30 peptides per 10 5 daltons 

of the chemically-modified diphtheria toxoid. 

6. A vaccine according to any one of the preceding claims 
characterized in that the adjuvant is N-acctyI-D-;;*ucosaminc-3-yl-acctyl-L-ala-D- 
tsoglutamine (nor muramyl dipeptide). 
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7 A vaccine according to any one of the preceding claims 
characterized in that the mixture of oils comprises squalene and squalane 

8 . A vaccine according to claim 7 further comprising at least one 

of mannide monooleate and aluminum monostearate. 

9 A vaccine according to claim 8 characterized in that the 

v ««v,t from 35 to 45 percent of squalene, from 35 to 
mixture of oil comprises, by weight, from to « V 

mixture oi v ^ mon ooleate and from 1 to 

45 percent of squalane, from 6 to 16 percent oi mam 

5 percent of aluminum monostearate. nrec eding claims 

10 A vaccine according to any one of the preceding 
characterized in that from 0.5 to ,0 mg of the antigenic conjugate are present per 

ml of the final emulsion. ore ceding claims 

n A vaccine according to any one of the preceding 

characterized in that from 0.2 to 1.0 mg of me adjuvant are present per ml of the 
fina l emulsion.^ ^ ^ ^ ^ ^ _ ^ ^ ^ ^ 
characterized in that it comprises sub— equal volumes of the aqueous phase 

and the mixture of oils. one of the preceding claims 

13 A vaccine according to any one oi u v 

charaeKnzed in that the aoueous phase is phosp.uUe.buffered sdine. 

14. The use of . vaccine according to any one of the preceding 
claims for treating humans suffering from a malignant disease. 

15 The use according to claim 14 for treating humans suffenng 
ftom breast cancer, ,u„g cane, colon cancer, maUgnan, melanoma or Uadder 



carcinoma. 

16. 



,o A process for generating antibodies to a protein or reproductive 

». process being characterised by administering to a mamm- a vaccme a^r g 
w of claims 1 to 13 and recovering the anybodies and/or lymphoma cells from the 



mammal. 
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17. Antibodies to a protein or reproductive hormone, lymphoma 
cells capable of expressing such antibodies, and hybridoma cells derived from such 
lymphoma cells, characterized in that the antibodies and/or lyphoma cells are 
generated by a process according to claim 16. 
5 18. An antigenic conjugate of a protein reproductive hormone, a 

fragment of such a hormone, or a peptide substantially immunologically equivalent 
to such a hormone or fragment, characterized in that this hormone, fragment or 
peptide is coupled to an epitope peptide having the sequence of at least one T cell 
lymphocyte epitope of a protein foreign to the animal to be treated with the 
10 conjugate, or a sequence substantially immunologically equivalent thereto. 

19. An antigenic conjugate according to claim 18 characterized in 
that the hormone, fragment or peptide is the beta subunit of human chorionic 
gonadotropin, a fragment thereof or a peptide substantially immunologically 
equivalent thereto. 

15 20. An antigenic conjugate according to claim 19 characterized in 

that the fragment or peptide has a sequence corresponding to amino acids 1 09-145 
or 111-145 of the beta subunit of human chorionic gonadotropin, or a sequence 
substantially immunologically equivalent thereto. 

21. An antigenic conjugate according to any one of claims 18 to 
20 20 characterized in that the epitope peptide has a sequence corresponding to, or 
substantially immunologically equivalent to: 

a amino acids 580-599 of tetanus toxoid; 

b. amino acids 830-844 of tetanus toxoid; 

c. amino acids 916-932 of tetanus toxoid; 
25 d. amino acids 947-967 of tetanus toxoid; 

e. amino acids 288-302 of measles virus protein; 

f. amino acids 16-33 of hepatitis B viral protein; or 

g. amino acids 317-336 of malaria CSPprotein. 
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22 An antigenic conjugate according to any one of claims 18 to 
21 characterized in that honnone, fragment or peptide is coupled to epitope 
peptide via a spacer peptide containing from about 2 to about 8 amino acid revues. 

23. The use of an antigenic conjugate according to any one ot 
claims 18 to 22 to control fertility, or treat a malignant disease, in humans. 

24 The use according to claim 23 for treating humans suffenng 
from breast cancer, lung cancer, colon cancer, malignant melanoma or bladder 
carcinoma. 

25. The use according to claim 23 or 24 of an mixture of two or 
0 more antigenic conjugates according to any one of claims 18 to 22. 

26 A process for preparing antibodies to a protein reproductive 
hormone and/or iyphoma cells capable of expressing such antibodies, which proems 
comprises introducing into . mammal a modified pohypeptide, ther*y causmg the 
formation of the antibodies in th. mammal, and recovering me antibodies and/or 
, 5 ly mphoma .ells from the mammal, characterized in that the modified polypept.de 
used is an antigenic conjugate according to any one of claims 16 to 20. 

27 Antibodies to a protein o, reproductive honnone, lymphoma 
cells capable of expressing such antibodies, and hvbridoma cells derived from such 
Hyphema cells, characterized in mat the annbod.es and/or Iyphoma cells are 

20 generated by a process according to claim 26. 

28 A process for determining the presence or absence of a protem 
in a mammal, or assaying the quantity of a protein in a mammal, which process 
comprises bringing body tissue or fluid from me mammal into contact -th an 
antibody capable of reacting with the protein, and observing the formation or non- 
25 formation of a complex between the antibody and the protein, characterized m mat 

the antibody used is produced by a process according to claim 26. 

29. The use of an antibody, lymphoma cell or hydndoma cell 
produced by a process according to claim 26 to treat a disease in a mammal. 
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